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Introduction
To indirectly verify a Charpy machine, a set of five Charpy verification specimens are tested on the machine of interest and the broken specimens are returned to NIST along with the test results. Next, the customer receives a verification letter from NIST indicating whether or not the machine passed the indirect verification test. In addition, the verification letter reports the average absorbed energy for the verification specimens (the certified reference value), and the uncertainty of the certified reference value. In this document, we clarify some issues pertaining to the uncertainty reported in the verification letter and the ASTM verification limits for E 23 [1] . Specifically, we address the following questions from a customer's perspective: 
Background: Distributions and Uncertainty
There are various distributions used in the indirect verification of Charpy impact test machines, including the distributions associated with the machines used to certify the SRMs and the distributions associated with the customer's verification test. It is important to understand the role played by each of these distributions in the development of statistical uncertainty statements and verification limits in the Charpy machine verification program.
All individual specimens from a batch of SRMs are assumed to follow the same distribution of absorbed energies. Thus, data from verification specimens tested on machines being verified by customers should follow the same basic distribution as data from the same batch of verification specimens tested on the three reference machines at NIST. This is a fundamental assumption that is supported by the data shown in Figure 1 . Here, the distribution of individual data points from three NIST reference machines tested for the certification of a batch of SRMs is compared to the distribution of individual data points from customer machines testing the SRMs in verification tests. The distributions in Figure 1 demonstrate that the customer and NIST distributions are quite similar; although the customer distribution has slightly larger spread than the NIST distribution. The larger spread in the customer data is probably due to the fact that there are more machines included in the histogram of customer data. However, the comparison indicates that specimens sent to customers for verification tests are representative of the batch, and that customer measurements are similar to NIST measurements.
We also need to consider the differences between the distributions of individual values and the distributions of average values. This detail is often overlooked and can cause confusion, resulting in a comparison between "apples and oranges." To simplify the discussion, the histogram in Figure 2 The point is that the distributions are not the same, and since uncertainty is directly related to the standard deviation associated with these distributions, it follows that the uncertainties would also differ for these cases.
Discussion
Explanation and Use of Uncertainty
The verification letter associated with five test results for verification specimens includes the NIST certified reference value ( R ) and its associated uncertainty ( ) (R u ). In addition to the differences between the number of samples associated with the respective averages, there are differences between machines and operators, and the standard deviation of the verification set mean does not include between-machine variation (like the NIST certified reference value) because all samples were broken on the same machine.
We do not define the uncertainty of the verification set mean as 5 V S because, according to the "Guide to the Expression of Uncertainty in Measurement" [2] , the word "uncertainty" implies that all sources of error have been quantified and accounted for in the uncertainty estimate. Only the customer can conduct a thorough uncertainty analysis and determine the appropriate uncertainty for their particular machine.
Once a customer's machine has been verified, the indirect verification test results, along with the reference value and its uncertainty, can be used by the customer in the estimation of the uncertainty of the mean for a new material that the customer wants to evaluate [3] . Basically, the verification test results define the bias (and its uncertainty) between the customer's Charpy machine and the NIST reference value. The uncertainty of the bias is then combined with other uncertainties to obtain the final combined standard uncertainty of a test result for a new material.
ASTM Verification Limits
Customers testing NIST SRMs to meet the verification limits set in ASTM E23 want to know whether the uncertainty associated with the reference value influences their chance of passing the verification test. It turns out that this is a difficult question to answer directly, because the ASTM limits were not established based on modern uncertainty analyses. The ASTM limits were originally developed in the 1950's using the distribution of the average of five measurements for "good" machines, and were designed to include a large proportion of the good machines tested [4] .
Intuitively we understand that as the uncertainty associated with the certified absorbed energy for a particular SRM increases, the mean of the customer's verification set also has increased uncertainty, but exactly how this relates to the ASTM verification limits is not clear. However, we know from experience that the ASTM limits are reasonable for current variation levels associated with the verification specimens, and the verification results shown in Figure 3 support this conclusion. To more directly understand the relationship between the uncertainties associated with verification specimen mean and limits that might reasonably bracket a "good" machine, it is easiest to derive a new form of limits that considers uncertainty contributions directly. One such approach is currently being developed at NIST. In short, new limits are being developed for both the mean and standard deviation of the verification test result based on actual data for the particular SRM tested. Initial work has shown that limits based on uncertainty are similar to ASTM E23 limits, indicating that the ASTM limits are reasonable for the level of variability currently associated with impact verification specimens. The "uncertainty" limits will not be proposed as replacements to the existing "fixed" ASTM limits, but they can serve as a useful tool for predicting the influence of variability in verification specimens on test results. This approach will also be used to predict how proposed changes in verification limits (ASTM and ISO) might affect the users of NIST verification specimens, and be used as the basis of arguments supporting "good" rules for international impact standards.
Summary
We have discussed issues pertaining to uncertainty and verification limits for the Charpy machine verification program from a customer's perspective. We have shown how distributions are related to uncertainty and have explained how to interpret the various uncertainties in the verification program.
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